The literature on Global Innovation Networks has contributed to identify changes in the innovation activities of multinational corporations. Although university-firm interactions are seen as an important factor for the emergence of GINs, their role has received limited attention. This paper aims to fill this gap in two ways. First, it carries out an exploratory analysis of an original survey dataset, of firms in three industrial sectors from nine developed and developing countries. Second, the paper analyses whether the role of universities in global innovation networks is related to national systems of innovation with varying degrees of maturity. Multiple correspondence analysis and a Probit model are used to establish the relevance of key factors in driving GINs. The results identify distinctive profiles constructed mainly according to firm characteristics, but reflecting country specific patterns of association. The Global innovation networks and university-firm interactions
Introduction
Global innovation networks (GINs) are a new phenomenon in science and technology studies. The emergence of GINs, of a new geography of knowledge, holds out the promise of subverting traditional global knowledge hierarchies (ERNST, 2009; ERNST; NAUGHTON, 2008) .
1 As Ernst and Hart (2008) note, the global changes 'evoke optimism, even utopian visions' for sharing in economic growth. The research literature suggests that this promise may be realised in emerging economies, at least in specific sectors such as ICT and electronics. Multinational companies (MNCs) have offshored knowledge activities by establishing local innovation centres in China and India, contributing to form the hub of GINs, including outsourcing to local universities in the host country. These countries have two major attractions for Northern MNCs -very large markets, and large pools of qualified engineers and scientists -leading to the formation of GINs characterised by knowledge intensive forms of interaction between firms and universities.
Potential interaction with universities and public research institutes in a region or country is a key factor influencing the innovation strategies of MNCs, both in relation to the education and training of a pool of highly skilled knowledge workers or in relation to meeting R&D needs through university-firm linkages. Global networks based on offshoring and outsourcing of MNCs' research, development and innovation activities from developed countries, to firms, universities and public research institutes in developing countries, offer the opportunity for technological spillovers, access to knowledge assets and learning that can strengthen developing countries' national systems of innovation (NSI) . A related phenomenon is firms from developing countries investing in advanced economies. These firms build external knowledge networks in order to overcome the constraints of immature innovation systems, using the resulting global knowledge flows to strengthen local capabilities.
Such real world cases combine a wide variety of possible interactions between the main actors within an innovation network. In a recent attempt to untangle this web of relationships, Britto et al. (2013) propose a typology of GINs based on the literature on interaction between firms and universities, which is part of a broader literature on NSI, and on the literature on GINs, part of the literature on MNCs.
Despite the increasing recognition of the importance of GINs and the key role played by universities, empirical evidence is still elusive. Thus far, the evidence for GINs has tended to take the form of case studies in a limited range of sectors and 1 The benefits of globalization of production have been stressed in the context of global production networks by Henderson et al. (2002) and Ernst (2002) . A conceptual discussion of GINs can be found in Chaminade (2009 countries. Even more limited is cross-country evidence encompassing characteristics of all the actors involved. The paper aims to fill this gap in two ways. First, it carries out a rigorous exploratory analysis of international data. It draws on a large original survey of firms in three industrial sectors with varying degrees of technological intensity, from nine developed and developing countries (INGINEUS, 2011a) . Second, it searches for international patterns of interactions to address the critical question: is the role of universities in global innovation networks related to the strategies of firms, and to NSI with varying degrees of maturity? The paper focuses on three factors to explore the data: the degree of internationalisation, the degree of innovative effort and the degree to which universities and public research institutes are sources of knowledge for firms.
To accomplish this task requires a two-step approach. First, the paper applies a Multiple Correspondence Analysis (MCA) method, a technique designed to search for patterns in large amounts of disparate, qualitative data. It evaluates how the firm characteristics critical to GIN formation relate to the existence of university-firm collaboration, both local and global. The existence of a relationship between the degree of maturity of NIS and GIN formation would imply distinct patterns of these dimensions across countries and sectors.
Secondly, and critically, the paper uses the MCA results to inform the estimation of a Probit model, by selecting the most relevant variables. The objective is to formally measure if the selected variables increase the probability of a firm interacting with universities abroad.
Such empirical evidence will contribute to the emerging research literature on the role of universities in the emergence of GINs. The paper is divided into five sections, apart from this introduction. Section two presents a review of the distinct literatures on GINs and on university-firm interactions, to demonstrate the theoretical gap and to highlight the importance of the nature of university-firm interactions in GIN formation. Section three provides a description of the original dataset built from the survey of firms, and describes the set of variables used for the MCA method. Section four presents the results of the MCA. Section five presents the results of the Probit model used to test the relationship between key variables relating to firms interactive activities. Concluding remarks on the evidence for shifting global knowledge relations are presented in section six.
Interactions with universities and GINs
There is a gap between two strands of the innovation literature, each of which takes into account the significance of universities and MNCs, but fails to investigate the two together systematically. The first investigative line, led amongst others by Klevorick et al. (1995) , Nelson (1993) and Cohen et al. (2002) , focuses on the interactions between universities and firms. Within this strand, knowledge flows of MNCs have been investigated (NARIN et al., 1997) . In general, this literature tends to investigate interactions within the boundaries of a single country, and does not consider the international dimension in depth.
In turn, the emerging literature on GINs does not investigate university-firm interaction adequately. Universities are identified as an important factor for the emergence of GINs (ERNST, 2006; UNCTAD, 2005; DUNNING; LUNDAN, 2008 ) but the precise nature of their role received limited attention.
This section evaluates how the literature on firm interaction with universities deals with the globalization of R&D, and how the literature on GINs deals with the role of universities, in order to identify key dimensions for the analysis.
The role of universities in the literature on GINs
There is a largely implicit relationship assumed between GINs and universities in the literature on GINs. A taxonomy of GINs proposed by Ernst (2009) attributes a relatively minor role to links with universities, and these are largely implicit, drawing from previous formulations by Dunning (1995) and Kuemmerle (1997) . A survey carried out by The Economist Intelligence Unit (2007) found that the majority of firms involved in GINs identified universities as the most important collaborative partners, ahead of customers, suppliers and even joint ventures. Another survey of firms in the United States and Western Europe found that the existence of universities with special scientific and engineering expertise is one of the most important determinants in the selection of sites for R&D location, in both developed and developing economies (THURSBY; THURSBY, 2006) . Further evidence of the importance of the globalization of industry-science relationships can be found in an OECD report (2008) that shows the various ways in which firms search for and identify new external sources of innovation, particularly from universities and research institutes. Kuemmerle (1997) identified foreign universities as frequent targets for "home base augmenting" foreign R&D. Gompers and Lerner (2001) NAUGHTON, 2008) .
This literature emphasises the significance of universities in the formation of GINs, but from a very limited perspective. The focus lies on firm strategy, rather than an investigation of the nature of interaction or the nature and role of universities in NSI. Ernst (2002) criticized the literature on the national system of innovation for neglect of the international dimension, a valid criticism. Nevertheless, early studies emphasized the relatively slower trend to globalize technology, vis-à-vis finance and production (CANTWELL, 1995; PATEL, 1995) . A key subject of evolutionary studies -catch up processes -stresses the importance of international links and access to foreign knowledge and technology. In these processes, students were sent abroad, engineers hired to run new firms or start new faculties -some of the key strategies used to absorb knowledge from abroad (NELSON, 1993) .
The role of international networks in the literature on interaction
Other studies show how global changes impact the fate of NSIs (NELSON; WRIGHT, 1992) . Studies of international alliances and cooperation have shown how connections between different NSIs are established (HAGEDOORN, 2002; OSTRY; . Pavitt (1991) demonstrated the importance of scientific infrastructure to attract foreign firms.
Two main drivers and complex dynamics
The two strands in the existing literature thus suggest that GINs have two main drivers that need to be investigated simultaneously. The first driver is led MNCs and their growing capabilities, technological and locational diversity, as they move across the world selecting locations and distributing productive and innovative labour (DUNNING; LUNDAN, 2008; CANTWELL, 2009 LUNDVALL, 1988; NELSON, 1993) . The formation of NSIs involves political forces that shape states and their autonomy, capabilities and public resources to generate and support their public knowledge institutions.
Therefore, there are two dynamics reshaping and reorganizing the international division of labour, related to both MNCs and NSI. The combination of these two drivers leads to a complex picture, where the nature of NSIs matters for the formation of global innovation networks, their main characteristics and the nature and scope of the international hierarchies established.
The importance of university-firm interactions as a key component of the larger process of international division of labour has been recognised recently by Britto et al. (2013) , who argue that the formation of GINs is associated with varying degrees of university-firm interactions. The study introduced a framework of global interactions between firms and universities in an attempt to bridge the two strands of the literature. However, evidence for such patterns of interactions tends to rely on a case study approach. What remains to be found is evidence of more widespread connections amongst the characteristics described by the literature as key components of GINs, namely, internationalization (in their global reach), innovation and interactions (in their networked forms).
A multitude of country and case studies
The importance of university-firm interaction at the national and international levels has been extensively registered in the literature going as far back as Prager and Omenn (1980) (see also MANSFIELD; LEE, 1996) . More recently, a new wave of country studies can be found, particularly in developing economies. Interaction within national boundaries that may involve MNC subsidiaries can be found in Suzigan et al. (2011) , Lee et al. (2009) and Kruss et al. (2012) .
OECD (2008) research on Japanese MNCs and their networks with universities illustrated a different set of possible connections between MNC headquarters, subsidiaries and universities. Azevedo (2009) and Dantas and Bell (2009; analysed a Brazilian state owned oil company that collaborates with 70 universities and research centers from advanced countries. De Campos (2006) investigated the relationship between MNCs location strategies and their subsidiary's universityfirm links. The role of universities as search mechanisms for local economies was emphasised by Evenson and Golling (2003) . Eun et al. (2006) suggest that academic run enterprises are modes specific to the Chinese context of universities with Rev. Bras. Inov., Campinas (SP), 14 (1), p. 163-192, janeiro/junho 2015 stronger capabilities than firms. The variety of cases shows that over time, the roles of universities become more diverse (teaching and research in new areas, demands for advice for public policy) as universities' capabilities develop.
Although there is a multitude of such case and country studies in the literature, cross-country evidence of the formation of GINs is scant, as is the evaluation of the role played by university-firm interactions. Given the diversity of real world cases, the questions of how important universities are to GINs, and how their role relates to distinct levels of maturity of national innovation systems, remain to be answered. The next sections thus present our exercise aimed at filling this gap using a multi-country dataset. The data reflects customized questions focusing on the most important characteristics of GINs.
Data and methodology

The survey
The INGINEUS research project sought to evaluate the extent to which innovation takes place in global networks that spread through both developed and developing countries. A new dataset was created, based on a customised survey questionnaire, aimed at comparison of sectors across regions. Analysis of the dataset enables simultaneous investigation of how key components of GINs are related, and whether such relations are connected to varying levels of development.
2
The survey was carried out between October 2009 and January 2010 in nine countries, including Norway, Sweden, Germany, Estonia and Denmark in the developed world, and Brazil, India, China, South Africa in the developing world. Source: Ingineus (2011b; 2011c) (1) Further descriptive statistics are given in Table 1 in the Appendix..
The selection of items from the survey for the MCA is summarised in Table  2 5 . Apart from the country in which the firm is based, the choice of variables was informed by the three core features associated with the emergence of GINs, highlighted in our review. The first is internationalisation, or the degree to which the firm has a global reach. The two proxy variables selected are firm ownership and offshoring of R&D. The second feature is the innovativeness of the firm, measured by the variable of R&D. Third, to investigate the degree of interaction or networks, two proxy measures were adopted: the sources of technology and different types of interaction.
6 It is to be expected that some of these variables are important to more than one of the three dimensions of a GIN.
Multiple Correspondence Analysis Method
The MCA method was used both as a tool for exploratory data analysis and to select of variables for the second exercise, to test relationships. The number of observations enables the search for patterns of association between the selected variables, which can define distinct profiles.
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MCA is a multivariate statistical method that enables testing for association between two or more categorical variables, as an alternative method to Principal Component Analysis (LE ROUX; ROUANET, 2010; EZZRARY; VERME, 2012).
8 The technique transforms categorical information available in a table into a correspondence graph that allows us to evaluate their association, in order to identify distinct profiles (GREENACRE, 2005) . The method generates a smaller number of dimensions (usually two) that summarize the information in a set of variables. The association between the categories of the variables analysed is used for the identification of profiles into which sample elements fit.
Besides the active variables used in the computation of the new dimensions, supplementary variables can be used. These variables do not influence the calculation, but are useful to add additional information for analysis of the profiles obtained. In the exercise carried out in this paper, the variable 'country' was used as such a supplementary variable.
The objective of the first exercise is to search for distinctive patterns in the association between different types of interaction with universities, and the firm characteristics that are closely related to GINs.
Results and Discussion
The results of the MCA are divided into two sets. The first set presents the results for the full sample, where the objective is to test for the existence of patterns amongst all the selected variables. The countries associated with each profile can be identified. The placement of a country in a profile does not mean that all firms do not possess the variables included in that profile, but only that the specific pattern is not prevalent for that country.
To circumvent bias and to provide a clear comparison between the countries associated with a specific sector, the second set of results is decomposed by sector.
Patterns in the Full Sample
As a basis for analysing the MCA results, Table 3 shows the percentage of surveyed firms that reported interactions with local and foreign universities. The highest percentages of interactive firms are reported in India and Germany, and with foreign institutions in India. In contrast, Brazil, Denmark and Estonia show smaller shares of interactive firms. Note that 20% of the firms in the overall sample indicated links with foreign universities. Since the share of interactive firms is substantial, the next task is to identify patterns in the emergence of GINs related to these interactions. Table 4 shows the quality index of the categories for the analyzed variables in the MCA analysis, and the contribution of each one to the two main dimensions obtained. Only the variable 'source of technology' is poorly represented on the chart, but the categories may be used in the interpretation of the results, with this proviso.
The contributions index identifies categories of the variables that are more important for explaining the variability of the dimensions. Categories with a contribution larger than the average (here 100/18 = 5.55%) can be considered important (LE ROUX; ROUANET, 2010). Source: Ingineus (2011b; 2011c) Dimension 1 is defined by the categories R&D, internationalization, formal interactions with foreign universities and interactions with local universities (Table 4 ). The type of enterprise also contributes. Thus, Dimension 1(x-axis) defines the innovative effort of firms.
Dimension 2 (y-axis) is defined by the categories MNC subsidiary, informal interactions with foreign universities, and the source of technology being other branches of own MNC. Developing technology in-house also contributes to define this dimension. Thus Dimension 2 is defined in terms of the features of MNC subsidiaries.
Graph 1 below depicts the correspondence chart from the MCA for all nine countries and sectors. Together the two axes account for almost three quarters of the overall variance, indicating a very good fit for the analysis. Each point on the chart receives a code representing the variable category (see Table 2 above).
GRAPH 1 Multiple correspondence analysis chart for the full sample
Source: Ingineus (2011c).
A profile is defined by a set of variables clustered together in one of the quadrants. Dimension 1 separates dynamic innovative effort on its left-hand side (negative segment) and the absence of such effort on its right-hand side (positive segment). In most cases, the profiles can be identified and interpreted quite easily, Dimension 2 (6.0%) given that a group of active variables is clustered near one of the supplementary country variables. Four distinct profiles are identified and analysed moving clockwise from the upper right hand quadrant. The profiles located in the first and second quadrants (related to the absence of interactivity) reflect predominantly low innovative characteristics. The first discernible profile includes South Africa, Sweden and Norway, marked by the presence of local companies, with low degrees of internationalization, and lack of formal interactions with foreign universities. The development of technological outputs at home is the most important source of technology for the firms. The characteristics indicate primarily smaller scale enterprises focused on local markets, without a formal R&D structure, that manage to meet their technological demands on their own. The close position of Sweden and Norway may reflect their similarities in terms of both NSI and industrial sector, ICT. Although the data for Sweden shows a reasonable number of interactive firms, they do not share the other characteristics that are represented by the most interactive profiles. South Africa's position reflects a weaker relationship with the variables in the profile. The results show commonalities amongst the patterns of interaction for firms in these countries, irrespective of sector.
Profile 2 in the second quadrant is also characterised by a pattern of low innovative effort. Its features are a relative lack of local R&D, and a lack of interactions with local and foreign universities. These firms tend to buy technological inputs produced by non-MNC companies. The countries -Denmark, Estonia and Brazil -are relatively distant from the categories that characterize the profile, but fit best with Profile 2. Unlike Profile 1, there is no tendency toward innovative effort. This trend may be associated particularly with the immature NSIs in Brazil and Estonia, and with the specificities of the economic activity surveyed in the case of Denmark, the agro-processing sector.
In contrast, the more dynamic profiles in terms of innovative effort are displayed in the negative segment of Dimension 1. Profile 3 in the bottom left-hand quadrant is characterized by the existence of subsidiaries of MNCs and by the acquisition of technology from other branches of the same MNC as well as other MNCs. These companies reported that they offshore production and R&D activities. The most closely associated country is India, consistent with the fact that the country has been the recipient of large sums of investment in the ICT sector in recent decades.
This profile also reflects the presence of formal interactions between firms and foreign universities. Given the presence of MNC subsidiaries, it is possible to argue that these interactions are directed to the firms' home country institutions in Rev. Bras. Inov., Campinas (SP), 14 (1), p. 163-192, janeiro/junho 2015 most of the cases. However, even though most of the firms are MNCs subsidiaries, working in large and emergent markets such as the Indian one, they still rely on the acquisition of technological inputs primarily from other branches of the MNC or other MNCs.
Finally, in the fourth quadrant of Graph 1, Profile 4 can be clearly distinguished, clustering features that are usually associated with more advanced NSIs. The categories that indicate significant R&D activities are close to those that indicate informal interaction with foreign universities, and interactions with local universities. There are two countries associated with this pattern of responses, Germany and China. Three other aspects of this profile are worth noting. The first is that firms tend to acquire most of their technological inputs from research institutes and universities, a characteristic that reinforces its interactive status. The second aspect is the predominance of MNC headquarters, which indicates that MNCs tend to concentrate their interactions more strongly at their headquarters. Finally, China is in this profile, even though it is far from the other variables, indicating that the dynamics of innovation in China are closer to that of Germany than to other developing countries. This pattern highlights the significance of analysis of the dynamics of firms in specific sectors.
The combined analysis of all profiles provides key empirical evidence for the association between significant firm R&D activities, procurement of technology from universities and research institutions, and interaction with local and foreign universities. The characteristics observed in profile 4 give rise to complex forms of GINs. What is more, the level of complexity increases as linkages with universities, local and foreign, become more frequent.
Given the relatively high number of responses obtained for each country, the broad patterns described may hide sector specific trends and differences. Hence, the next sections proceed to apply the MCA to each of the three sectors covered in the survey.
Automotive sector
The sample for the automotive sector included 146 firms from Germany, Brazil, and Sweden. For the profile in the first quadrant, identified by Sweden, all the variables are located close to the positive part of the vertical axis. The specific variables suggest a pattern of smaller scale automotive companies with a small international reach, the lack of interactions with foreign universities and the procurement of new technology inputs from MNCs with which the firms is not associated.
The second profile, identified by the presence of Brazilian firms, is marked by the absence of interactions between firms and universities. Automotive firms acquire technological inputs from other branches of the MNC and from local companies. The absence of R&D activities suggests the profile is marked by low innovative effort.
In contrast, the fourth profile associated with Germany clusters the categories of variables that indicate a more mature NSI: regular R&D activities, interactions between firms and local universities, informal interactions with foreign universities, universities and research institutes as the main sources of knowledge, together with the nature of the firm itself.
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The third quadrant reflects the association of a set of variables regardless of the supplementary variable 'country'. They are frequently found together in different countries, but are not predominant. This profile is associated with firms that are headquarters and subsidiaries of MNCs, in other words, global automotive companies that have formal relationships with foreign universities, and processes of internationalization of R&D activities and production.
Agro-processing sector
The MCA exercise for the agro-processing sector displays distinct patterns for 133 observations from South Africa and Denmark, as well as two other profiles that are not country specific (Graph 3).
In the fourth quadrant, South African firms are associated with a profile characterised by positive responses to variables that capture interactions. Companies have their main sources of technology in other MNCs with which they are not formally connected, and have significant R&D. This profile reflects a strong innovative tendency in the agro-processing firms surveyed in South Africa, indicating sectoral technological efforts. Such a profile was not clearly visible in the analysis of the full sample, demonstrating how sectoral analysis allows the observation of differences in innovative potential and dynamics.
Danish companies in contrast, form a profile characterised by the lack of informal interaction with foreign universities, or any kind of interaction with local universities. Companies are more likely to purchase technology from other local companies. The in-house development of technology but the absence of formal R&D activities is also a feature.
Graph 3 also depicts two clusters of variables related to types of enterprise rather than a specific country, indicating minority trends. The first 'quasi-profile', located in quadrant one, aggregates local agro-processing companies, and is associated with a lack of internationalization. This quasi-profile is very close to the Danish profile. Thus even though they are in different quadrants, the firms in both profiles have very similar features, according to Dimension 1 specially. The second 'quasi-profile', in the third quadrant, is characterised by MNC subsidiaries. This type of firm is more likely to have outsourced R&D and production activities, and the main source of technological inputs is other branches of the MNC with which they are associated. 
Information and communication technology sector
The analysis for the ICT sector yields three country specific profiles (Graph 4). In the first quadrant the Nordic countries, Sweden and Norway, form a profile characterized by the presence of local companies, and the absence of internationalization and formal interactions with foreign universities. There is a tendency to develop technology in house as the main source of new knowledge. The predominance of local firms in the sample for each of these countries may indicate a situation similar to that reported by Narula and Guimón (2010) , when studying MNCs from peripheral eastern European countries. They found that local firms experienced significant difficulties in building networks with MNCs in high value added activities.
A country independent quasi-profile associated with MNC headquarters is found in the fourth quadrant, associated with the existence of R&D activities, interactions with local universities and informal interactions with foreign universities. Thus, the most dynamic companies form a specific, country independent profile that has characteristics of large, highly networked MNCs. The Chinese indicator on the chart is not defined by Dimension 1 at all, but only by Dimension 2, at an intermediary point between the two other profiles. China has contrasting features to the other two profiles located in the negative segment of Dimension 2, characterized by the prevalence of the purchase of technology from other MNCs, and interactions between firms and local and foreign universities.
GRAPH 4 Multiple correspondence analysis: ICT Sector
Source: Ingineus (2011c) .
A profile associated with companies located in India is observed in the third quadrant. The main characteristic is the predominance of subsidiaries of MNCs, formal interactions with foreign universities and the existence of processes of offshoring of R&D and production activities. Three sources of knowledge are associated with this profile: other branches of the MNC, other MNCs and universities and research institutions. The sectoral analysis reinforces the interactive tendency observed in the full sample analysis. Finally in the second quadrant there is another low innovative profile, marked by the presence of Estonia, even it is located at a distance from the other variables.
Econometric analysis
Having established distinctive patterns of association between variables for both the full sample and each sector using the MCA, a Probit model 10 was estimated to investigate connections between university-firm interactions and variables associated with the emergence of GINs.
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The dependent variable is interaction with foreign universities and research institutions (yes=1, no=0), which was obtained from the variables Formal and Informal Interactions with Foreign Universities and Research Institutions.
12 The model uses as independent variables the ones that presented quality index higher than 0.5, how is displayed in Table 4 .
13
The estimated results for 990 observations are presented in Table 5 . All the coefficients were significant at 10%, and only the coefficient for the variable R&D was not significant at 1% or 5%. All coefficients have the expected signs, indicating that the independent variables increase the probability of the existence of interactions between the firms and foreign universities.
The results reinforce the patterns suggested by the MCA analysis. A closer view of the coefficients suggests that 'internationalization processes' and the existence of 'local interactions' have the largest marginal effects on average, increasing the probability of interactions outside the country. This suggests that for the interactive profiles, the companies that offshored activities are more likely to be linked with foreign research institutions, as well as the firms that build relationships with local universities.
The average marginal effects of the coefficients show that the existence of local interactions improves the probability of interactions with foreign universities by 20% and internationalization processes by 19%. These are thus the most important firm 10 Similar methodologies for different datasets can be found in Lorenz (1999) and Levy et al. (2009). 11 Probit is an econometric model with qualitative dependent variable (y=0, y=1) that allows testing effects of the unitary variation in an explanatory variable x over the probability of y=1 (success). The estimated Probit model is given by: Pr(foreign_interactions = 1 lx i ) = Φ (x´iβ), where Φ is the cumulative normal distribution, X the set of explanatory variables, and the coefficients β are estimated by the Maximum Likelihood method (Greene 2003) .
12 The correlation coefficients for the variables are displayed in Table 2 in the Appendix of this paper.
13 According to this criterion, which is a more flexible version of the one presented by Le Roux and Rouanet (2010), the variable Source of Technology could not be used as an independent variable. characteristics for the establishment of international innovation networks, according to the dataset. The variables MNC and R&D have smaller average marginal effects, improving the probability of the interactions with foreign universities by 8% and 4%, respectively. 
Conclusion
The use of the MCA method allowed identification of distinctive profiles for both the full and sector-specific samples that reflect country specific patterns of association. The analysis of the full sample reflected distinctive patterns for countries at different levels of development. The profile associated with Germany, and to a lesser degree with China, reflected a pattern of significant R&D activities with interactions with local and foreign universities. Firms in these regions acquire most of their technological inputs from universities and are primarily MNC headquarters. The contrasting profile associated with Brazil, Estonia and Denmark was marked by weak innovative activity, lack of interactions with local and foreign universities, absence of R&D activities and procurement of technological inputs from other companies. Taken together, these profiles demonstrate a close association between levels of development, university-firm interactions and firms' innovative effort. Norway, Sweden and South Africa formed a profile that also suggests a noninteractive pattern, marked by the presence of local companies, lack of internationalization processes, no significant R&D, and in-house development of new knowledge. It reflects firms with less sophisticated technologies that exercise internal technological effort. Finally, India is located in the interactive quadrant, an intermediary profile that shows the presence of MNC subsidiaries and formal interactions with foreign universities. Dependence on the procurement of technological inputs from other branches of the MNC or other MNCs is a significant feature of this profile.
It is important to reiterate that this analysis is indicative. The intent is not to classify countries in a definitive way, as either interactive or non-interactive. The analysis indicates which countries are closer to the set of characteristics that drive interactivity with internal and foreign universities, for the data in the sample -a first attempt to provide large scale data on the role of university-firm interactions in driving the emergence of GINs. This exercise helped to identify the countries in which firms are more likely to enter GINs. Germany, India and China are the best examples confirming trends in the research literature based on case studies.
The sectoral analyses broadly confirmed the trends identified for the full sample, particularly in the automotive sector. The patterns suggest that local characteristics are important in the establishment of profiles. The location of Germany and Brazil in contrasting profiles, both with firms in the automotive sector, or India and Sweden for ICT, is indicative of this trend.
The exploratory method allowed the identification of a peculiar pattern of responses yielding quasi-profiles that could not be linked with any specific country, particularly in the automotive and ICT sectors. Taken individually, they indicate that a minority of firms in each sector with a higher degree of internationalisation tended to have links with universities or other foreign partners more frequently. Taken together, these 'autonomous' interactive profiles form a significant group of companies, in terms of internationalisation, innovation and networking. Significantly, the quasi-profiles are formed by specific firms that are either subsidiaries or headquarters of MNCs, which present distinct patterns of responses in comparison with all the other firms. This finding may be interpreted as original empirical evidence for the emergence of GINs, which have different configurations depending on their sector and country location. In all cases, the presence of MNCs and of interactions with universities, are fundamental ingredients.
Hence, the analysis contributes evidence to shed light on at least two relevant issues in the literature. First, the pattern of autonomous profiles represents emergent GINs in which university-firm interactions are always present. It provides empirical evidence that helps to bridge the two strands of literature, on the nature of university-firm interactions in the context of global innovation networks.
Second, the MCA analysis suggests that there is a case to be made for the influence of the level of development of NSIs. Only three countries, Germany, China and India, were located in profiles that are at the same time innovative, connected with other partners, and show a degree of internationalisation. Germany, it is widely accepted, has a very well-developed NSI, China is a country undergoing fast economic growth, and India has a large pool of qualified talent for the ICT sector specifically. While Germany is recognized as one of the world's economic and technological leaders, India and China are potential leaders in next few decades, as is Brazil. Nevertheless the MCA analysis for this sample shows that the automotive sector in Brazil is still in an inferior position, confirming the view in the literature that its NSI is immature (ALBUQUERQUE, 1999) . These results add voice to the suggestion that the promise of GINs to subvert traditional knowledge hierarchies may be unevenly distributed (ERNST; HART, 2008) , and the development possibilities may be overestimated.
The Probit model shows that the most important variables for the construction of the MCA profiles contribute positively to increase the probability of interaction with foreign universities. The model also shows that internationalization processes and the existence of local interactions are the firm characteristics that tend to contribute most strongly to the probability of interactions with international institutions, compared with the other characteristics observed.
Of course, the interpretations apply only to this specific sample of companies in their respective sectors and countries. Even with the relatively high number of respondents, the survey is not representative of each sector in the country, with the exception of Sweden. The broad trends highlighted by these profiles can be further refined through case studies and larger surveys, in terms of sample size, number of countries and sectors. Another fruitful avenue of research is combined analysis of the survey, Community Innovation Surveys and patent data.
